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Introduction
Blood vessels transport blood around the whole body, with pressure and flow volume adjusted by means of arterial wall autonomic functions such as contraction and relaxation. Estimation of autonomic nervous system activity is thus possible if the dynamic characteristics of arteries can be measured quantitatively. Previously, we proposed a method to enable quantitative evaluation of the dynamic characteristics of arterial walls using blood pressure and photoplethysmograms. However, commercial continuous sphygmomanometers can measure only blood pressure in the fingers and in the wrist, which limits evaluation of dynamic characteristics to these locations. This paper proposes a new method of estimating the dynamic characteristics of arterial walls from various parts of the body using a foil-type pressure sensor.
Arterial Wall Impedance Model and Measurement
Method Considering the characteristics of the arterial wall in an arbitrary radial direction, the stress and strain of the wall can be represented by arterial blood pressure P b and photoplethysmogram P l , respectively. The impedance characteristic of the arterial wall can thus be described as follows: where B and K are the coefficients of viscosity and stiffness. In this study, a foil-type pressure sensor was used to measure pulse waves under the arterial tonometry method. The artery was flattened during measurement by applying an external force from a direction vertical to the sensor.
Experiment
We applied an external force of 0 -40 [N] vertically to the foil-type sensor using a force gauge, and measured the pulse pressure wave. The results showed that the wave shape and frequency response of the measured signal demonstrated a close correlation to that of blood pressure (R = 0.9) when an external force of 5 -25 [N] was applied. Applying this suitable external force to the sensor, we measured the pulse pressure wave of a radial artery while the subject was stimulated with another constant force that evoked pain. The arterial viscoelastic indices estimated using the proposed method was compared with those from blood pressure. The results showed that the correlation coefficient of the estimated K between the proposed method and blood pressure was 0.937 ± 0.053 while that of B was 0.868 ± 0.162. This experiment confirmed that the proposed method could capture changes in the indices during application of mechanical pain stimuli as accurately as using blood pressure.
We also measured the pulse wave of a dorsal pedis artery and estimated the arterial viscoelastic indices under the same conditions as outlined above (Fig. 1) . It was confirmed that the estimated indices could capture the vascular response caused by sympathicotonia.
Conclusion
This paper proposed a noninvasive method for measuring pulse waves and estimating the dynamic characteristics of arterial walls using a foil-type pressure sensor. It was confirmed that the method can be used to measure pulse pressure waves not only at the wrist but also in the fingers, as well as to estimate the dynamic characteristics of arterial walls.
Ultrasonography (US) is a convenient, safe, and effective clinical imaging tool with no exposure to ionizing radiation; however, US has a limited ability to detect calcifications compared with X-ray imaging such as X-ray computed tomography and mammography. To improve the calcification detection ability of US we have proposed a calcification depiction method using decorrelation of echoes (CDDE) caused by calcifications. CDDE has succeeded to depict a wire of diameter 0.05 mm that is only faintly depicted in a B-mode image. CDDE also has a potential in depiction of a calcification that is faintly depicted in a B-mode image; however, the employment of a small mass target to mimic a calcification results in difficulty in confirming that the mass target is located in the measurement plane. Therefore, we have previously investigated the performance of CDDE for ultrasonography in the depiction of calcification using wire targets. Because a calcification is a kind of mass target, the evaluation of the performance of the method needs the effective size of the wire targets and mass targets to be similar. Since the angle of the measurement plane to a wire is supposed to strongly influence the scattering cross-section of a wire target, the employment of the proper angle of the measurement plane is expected to adjust the scattering cross-section of the wire target to that of a mass target. In this study we experimentally investigate the scattering cross-sections of wire targets and mass targets, and propose the proper angle of the measurement plane to a wire target to adjust the effective size of a wire target to that of a mass target.
Since mammography can depict small calcifications of 0.2 and 0.1 mm in size, the depiction of small calcifications of the same sizes using CDDE is desirable. Therefore, we employed mass targets of 0.2 and 0.1 mm in size. The scattering cross-section of a wire target is supposed to be larger than that of a mass target. For this reason we experimentally compared the scattering cross-sections of wire targets that were 0.2, 0.1, 0.05 and 0.03 mm in diameter and mass targets that were 0.2 and 0.1 mm in size. Experiments were conducted using a Hitachi EUB-8500 (Hitachi, Tokyo, Japan) US device with a 7.5 MHz linear array. Fig. 1 shows the scattering cross-sections of the 0.2, 0.1, 0.05 and 0.03 mm diameter copper wires and of the copper cylinders of 0.2 and 0.1 mm in size at a depth of 2 cm, where each cross-section was normalized to the maximum scattering cross-section of a 0.2 mm diameter copper wire. When the angle of the measurement plane to the wires is 90 degree the scattering cross-sections of the wires is much larger than that of the cylinders. In contrast, a decrease in the angle of the measurement plane suppresses the scattering cross-sections of the wires to a less extent than that of the cylinders. Table 1 shows the angle of the measurement plane that is required to adjust the effective size of wire targets to that of a mass target. The employment of these angles will provide an experimental setup for the evaluation of an ultrasound calcification depiction method using wire targets. This finding indicated that the employment of the proper angle of the measurement plane adjusted the effective size of a wire target to the size of a mass target, and consequently fulfilled the requirements for use as a calcification phantom. Cellular activities are measured for the evaluation of cell viability, the diagnosis of cell functions, and drug screening for drug discovery. The extracellular acidification rate of cell cultures is a suitable indicator of cellular activities in vitro.
We have previously reported the application of a flow-through type pH/CO 2 sensor system designed to evaluate the metabolic activity of cultured cells. As shown in Fig. 1 , the sensor system consists of two ion-sensitive field effect transistors (ISFETs), an ISFET to measure the total pH change and an ISFET enclosed within a gas-permeable silicone tube to measure the pH change attributable to CO 2 . In that study, we used the system to quantitatively analyze metabolic switching induced by glucose concentration changes in three cultured cell types (bovine arterial endothelium cell (BAEC), human umbilical vein endothelium cell (HUVEC), and rat cardiomuscle cell (RCMC)), and to measure the production rates of total carbonate (tC) and free lactic acid (fL) in the cultured cells. In every cell type examined, a decrease in the glucose concentration led to an increase in total carbonate, a product of cellular respiration, and a decrease of free lactic acid, a product of glycolysis. There were very significant differences among the cell types, however, in the glucose concentrations at the metabolic switching points. We postulated that the cell has a unique switching point on the metabolic pathway from glycolysis to respiration.
In this paper we use our sensor system to evaluate the metabolic switching of human embryonic kidney 293 (HEK 293) cells triggered by glucose concentration changes. Table 1 shows result obtained from HEK 293 cells. The glucose concentration decrease from 15 to 0 mM resulted in an increase of tC from 0.29 to 2.6 × 10 8 molecules/cell/s and a decrease of fL from 2.7 to -0.14 × 10 8 molecules/cell/s. As described in Fig. 2 , the superior metabolic pathway switched from glycolysis to respiration when the glucose concentration decreased to about 2 mM. This result was very similar to that obtained in our earlier experiments on HUVECs, but far different from our results on the other two cells types, BAECs and RCMCs. This sensor system will be useful for analyzing cellular metabolism for many applications and will yield novel information on different cell types. The maximum cross-correlation coefficient ρ max between blood pressure variability and heart rate variability, whose frequency components are limited to the Mayer wave-related band, is a useful index to evaluate the state of the autonomic nervous function related to baroreflex. However, measurement of continuous blood pressure with an expensive and bulky measuring device is required to calculate ρ max . The present study has proposed an easier method for obtaining ρ max with measurement of finger photoplethysmography (PPG) only.
In the proposed method, independent components are extracted from feature variables specifying the PPG signal by using the independent component analysis (ICA). These variables include information on hemodynamic state such as blood pressure, blood volume, and vascular compliance.
The fast fixed point algorithm (fast-ICA) presented by Hyvärinen and Oja was used to linearly separate independent components from feature variables. The number of feature variables was empirically set to 7 on the basis of the variables related to BP. In addition, the optimal number of independent components was decided between 2 and 6 for each subject. ρ max calculated from continuous blood pressure was defined as ρ max (BP) and ρ max calculated from independent component most related to BP variability was defined as ρ max (IC lBP ).
To evaluate the proposed method, the experiment in which subjects kept the supine posture for 5 minutes and then the sitting posture for 5 minutes under the resting condition, was carried out. The postural change from the supine posture to the sitting posture brings a decrease of blood pressure. Therefore, heart rate is increased by the response of the baroreflex system. We confirmed whether BPV-related information could be obtained from the PPG signal by using the ICA and whether ρ max calculated from this information could indicate the response caused by the postural change. Healthy 18 subjects (aged 24.2 ± 3.6) participated in the experiment. The subject's ECG, continuous blood pressure, and finger PPG were measured during the experiment.
All subjects' data out of 18 could successfully be analyzed in the experiment. The comparison between ρ max (BP) and ρ max (IC lBP ) during the supine posture indicates that ρ max (IC lBP ) correlated significantly (r = 0.76; p < 0.01) with ρ max (BP) over all subjects.
In a similar way, ρ max (IC lBP ) correlated significantly (r = 0.77; p < 0.01) with ρ max (BP) over 18 subjects during the sitting position. Figure 1 shows the comparison in ρ max between the supine posture and the sitting posture. This figure shows that the value of ρ max in the sitting posture tends to be higher than that in the supine posture. This fact suggests that the postural change caused the response of the baroreflex system, i.e., the manipulation of heart rate was activated further by the baroreflex system to regulate blood pressure level against the deviation of blood perfusion caused by gravity. Therefore, ρ max (IC lBP ) can detect the autonomic nervous activity caused by the postural change.
This study has proposed a method of evaluation of autonomic nervous function by using independent component analysis for photoplethysmography. The experimental result has shown that ρ max which is related to autonomic nervous function obtained from independent component correlated significantly with ρ max obtained from continuous blood pressure. However, in this study, we did not verify the optimal number of feature variables. Therefore, it is important to develop the method for deciding this number. Furthermore, we have to verify physiological assessment of independent components other than BPV-related component. Elderly-care is a very important issue in many developed countries such as Japan, U.S. and E.U. countries. The requirement for monitoring the status of the elderly in care facilities is increasing year by year and accordingly the increase in accidents involving them becomes great concern. For example, fall-down from a bed and wandering have been reported as the accidents in care facilities. However it will be difficult to keep constant watch of their activities because of the limited number of nursing staffs. Therefore, various types of non-contact sensor such as video camera, infra-red and microwave Doppler have been developed to monitor unexpected behaviors and movements of the elderly in their private room. In general the video camera would be unacceptable from a privacy protection point of view, although it monitors a wide area of the room including the bed area. Passive infra-red is developed to be dedicated to small area such as toilet area, but it will be difficult to detect the detailed movement. Microwave Doppler which implements privacy protection monitors whether the elderly sleep and wake up regularly, but it would be difficult to detect their various states such as sleeping, sitting up in bed and going out of the room.
In this paper, an ultra-wideband impulse-radio (UWB-IR) monitoring sensor is suggested which focuses on the bed status detection for the elderly that need the assistance. The status of the elderly can be detected that includes sitting up in a bed, leaving the bed, wandering and going out of the room. UWB-IR using sub-nanosecond pulses has recently attracted considerable attention in various applications. This is because that it is friendly to the environment including the human body due to the low electromagnetic energy emission less than − 41.3dBm/MHz and would also be acceptable from a privacy protection point of view unlike video camera. In geriatric health care or medical care facilities, therefore, it is expected to detect the small movement of the elderly such as breathing with a remote non-contact approach which is unique as compared with conventional sensors such as infra-red and narrow-band radio. And the measurements were conducted for various scenarios and the usefulness is confirmed.
In the measurement, we consider the following states of an elderly person; 1.sitting up in bed, 2.slight body movement, 3.sleep in bed, 4.walk in room, 5 fall and 6.out of room (absent from the room). The scenario assumed for the measurement is that an elderly person sleeps in a bed, sometimes tosses about, then sits up in bed, leaves the bedside, wanders and approaches the door and goes out of the room. It is seen that the detected status on-line processed by our developed algorithm are found to agree with the scenarios given in advance. Table 1 shows an example of scenario where the measurement time is 200 sec. And the detected state is shown in Fig.1 . where a real line is detected state, a dashed line is scenario. And detection rate is shown in Table 2 .We also consider a scenario where an elderly person falls down in the room. The result is also showed in Fig.2 . Please note that the person remained down on the floor at a point when frame number is approximately 1500 and delay is 20 nsec. 
Introduction
A micro Electret Condenser Microphone (ECM) fabricated by Micro Electro Mechanical System (MEMS) technology was employed as a novel apparatus for human pulse wave measurement. Since ECM frequency response characteristic, i.e. sensitivity, logically maintains a constant level at lower than the resonance frequency (stiffness control), the slightest pressure difference at around 1.0 Hz generated by human pulse wave is expected to measure by ECM. However, with regard to MEMS-ECM as a single device, the difficulty arises in a possible sensitivity reduction due to a high input-impedance amplifier embedded in MEMS-ECM. Therefore as a foremost task, it should begin with the verification of the frequency response characteristic at around pulse wave, which is dominant at 1.0 Hz.
MEMS-ECM Frequency Response Characteristic and
Pulse Wave Measurement A consumer MEMS-EMC, SPM0408HD5 provided by Knowles Acoustics, LLC., USA/Japan, is used in this study. The frequency response characteristic of this MEMS-ECM in the band from 0.125 Hz to 100 Hz was obtained by FFT analyzer (CF-7200, ONO SOKKI Co., Ltd., Japan); by which sine wave sweeping signal was generated and given to an ordinary dynamic speaker in which MEMS-ECM was attached onto its diaphragm. As a result of the experiment, MEMS-ECM has found to have − 20 dB/dec of sensitivity reduction in that frequency band. Thus it is assumed to be equivalent with a differentiation circuit in which a single pole at around 100 Hz exists. Therefore the pulse wave taken by this MEMS-ECM should be in the form of differentiation, or velocity.
As shown in Fig. 1 , introducing compensation circuit, human pulse wave ( Fig. 1(a) ) was successfully obtained by integrating MEMS-ECM raw signal ( Fig. 1(b) : pulse velocity), and also that in acceleration form was successfully obtained by differentiating the raw signal ( Fig. 1(c) ).
Possible Applications and Conclusion
The strong directional characteristics of MEMS-ECM make a remarkable difference in possible applications of this device. Fig. 2 shows an example of the artery tracing by MEMS-ECM. Since it is a micro device with strong directional characteristics, it possesses high spatial resolution. In fact, the plotted pattern on the surface of forearm where pulse wave signal was detected successfully traces the two main arteries, radial and ulnar artery, embedded in the forearm. This unique profile is resulted by the high spatial resolution of MEMS-ECM. Moreover since MEMS-ECM is produced in the semiconductor production process, each sensor is superior in quality. Therefore it is easy and preferable than other sensors to assemble multiple measurement systems (an example is described in the context of this paper).
In this study, it is successfully demonstrated that MEMS-ECM can be a novel and useful apparatus for human pulse wave measurement. In the field of clinical medicine and health science, hemodynamic characteristics of the body provide us with useful and important information for maintaining our daily health. Far more exploitation of the use of this micro device for the measurement of human cardiovascular system toward health care is expected. This paper proposes a method for estimation of a body temperature by using a relation between the upper arm temperature and the atmospheric temperature. Conventional method has measured by armpit or oral, because the body temperature from the body surface is influenced by the atmospheric temperature. However, there is a correlation between the body surface temperature and the atmospheric temperature (Fig. 1) . By using this correlation, the body temperature can estimated from the body surface temperature. Proposed method enables to measure body temperature by the temperature sensor that is embedded in the blood pressure monitor cuff. Therefore, simultaneous measurement of blood pressure and body temperature can be realized. Fig. 2 shows the experimental system of proposed method.
Then, in order to compute the estimated body temperature by the microcomputer which has the same resource with conventional thermometer, the characteristic data for estimation is selected by orthogonal array. The result of selection, the 5-dimensional estimated equation is obtained. The effectiveness of the proposed method is verified through the actual body temperature experiment. The experimental result shows Table 1 . The proposed method might contribute to reduce the medical staff's workloads in the home medical care, and more. 
Introduction
In spite of many attempts by many researchers, knee-joint motion in the pendulum-test has not been related precisely with behaviors of the spinal stretch reflexes. In general, mutual conversions among angle, angular velocity and angular acceleration of the knee-joint at pendulum test are very frequently used on the way of such researches. Especially, values of them measured at the same time are important as initial values or boundary conditions for analyses of the behaviors.
Many knee-joint motion detectors have been developed such as goniometer, accelerometer, gyroscope. Any detector, however, can detect only one of angle, angular velocity and angular acceleration, and others are calculated by differentiation or integration, often deteriorating both in value and timing.
This study proposes a method that can measure the knee joint motion as angle and angular acceleration at the same time without the use of the differentiation and the integration.
2. Method Fig. 1 shows the principle of our knee-joint motion detector. Two linear accelerometers are fitted at a distance apart to a bar, which is attached to the lower leg. Measurement is initiated by falling down the lower leg from the lifted up position, swinging for a few second as if a pendulum. The two accelerometers detect respectively acceleration α 1 and α 2 along the tangential direction of the pendulum. Then α 1 , α 2 are given by the following equations, 
Results and Discussions
The fulcrum of the bar shown in Fig. 1 is fixed to the rotating axis of a contactless fine goniometer RD which is used as a reference angle detector (see Fig. 2 ). Pendulum motion was initiated by lifting up the bar up to about 40 deg without subject. The accuracy of angle θ obtained by our detector was estimated, comparing with the output θ R of RD. Fig. 3 shows waveforms θ and θ R . It is seen from the figure that there exists few difference between them. Detected angular acceleration θ and θ R also showed good correlation.
Angle and angular acceleration measured from a normal subject synchronized perfectly. Furthermore, angular velocity led by the use of derivative of θ and integral of θ showed higher performance both in timing and value than existing detector. 
Conclusions
Our knee-joint motion detector can obtain mutually synchronized 3 waveforms (angle, angular velocity, angular acceleration) with high accuracy. Using them, the initial values or boundary conditions can be effectively applied to the analyses of the behaviors with respect to the stretch reflexes in spinal cord level. To realize the ubiquitous eating habits monitoring, we proposed the use of in-ear sound signals sensed by an in-ear placed wireless wearable microphone. A prototype of wireless wearable in-ear microphone was developed by utilizing a common off-the-shelf Bluetooth headset. Because the earphone is widely accepted in-ear placed interface in many multimedia applications, we considered the use of in-ear microphone as the applicable sensing device.
Human Action Recognition Using
The conceptual image of the dietary life-log application using wearable in-ear microphone is depicted in Figure 1 . For example, chewing sound recognition can be embedded into the hearing aid device to capture the rhythm of daily life of the elderly. In this work, we proposed the use of the in-ear sensed sounds to capture chewing and some other actions such as swallowing. In this paper, chewing action recognition algorithm using the in-ear sensed chewing sounds is studied as a main contribution of this research. Additionally, in-ear sound recognition on other actions which may help monitoring the eating habits is also shown.
For chewing action recognition, we proposed a robust chewing number counting algorithm which consists of two recognition stages: "chew-like" signal detection and chewing sound verification stages. In the first stage, the rough estimations of the locations of chewing actions are detected from the in-ear sensed sound signals. In this stage, log energy of each frame is calculated first from the in-ear sensed sound signals. Low Pass Filter (LPF) of the 4th ordered Butterworth filter with the cut-off frequency of 2 Hz is applied to the frame-level log energy. The cut-off frequency is set to 2 Hz because of the observation made on the common pace of the chewing actions. With the simple adaptive thresholding technique, "chew-like" signals are detected. The second stage carries out the chewing sound verification to check whether the sound signals originated from the chewing actions. Chewing sound model is generated using Mel-Frequency Cepstrum Coefficients (MFCC) and LBG vector quantization for the chewing sound verification.
The average chewing number counting error rate of 1.93% was achieved as shown in Table 1 . Lastly, chewing sound mapping was proposed as a new prototypical approach to provide an additional intuitive feedback for users to be able to infer the eating habits in their daily life context. For other action recognition, the codebook for each action is built using MFCC feature vectors and LBG vector quantization. When the log energy of the input frame is larger than a certain threshold, feature vector is extracted. The extracted feature vector is compared against codebooks trained for each action using LBG vector quantization. The average recognition accuracy of 91.4% is obtained for 8 different actions including scratch head, cough, deep breathe, belching, swallowing, sniffling, hamming, and utterance.
As opposed to the traditional environmental sound recognition, the in-ear sensed sounds are originated from the subject itself. Such a property provides strong robustness against the variations in the surrounding environment. We observed that the sound made by breathing action and pulse while the subject is asleep can also be sensed. The context-rich in-ear sounds can be an interesting future research subject. In recent years, eye diseases in elderly are on the rise. Amongst them, glaucoma has a particularly high incidence rate, where the rate in Japan is roughly one in twenty persons over the age of 40, and it is said that there exist about 2.2 million patients. Glaucoma generally is near asymptomatic, and early detection and treatment are considered very important because often times the disease has progressed too far when one realizes a decrease in vision or visual field loss. Conventional apparatuses for field of vision examination are described to be not suited for screening.
A visual field examination method to select visual field areas by superimposing fixation spot patterns that occur when a visual target is found via involuntary oculogyration is proposed in this study. In the proposed system, there is no need to fixate vision on a certain site for long periods by repeating actions to find visual targets spontaneously, and the patient can select a visual field area by only a natural shift in a line of vision.
The proposed system, as shown in Fig. 1 , is comprised of display to show visual targets (3008 WFP, Dell, display resolution of 1920×1200 pixels), line of vision detection device (Tobii X 120, Tobii, spatial resolution: 0.2 deg, point of gaze error: 0.5 deg, sampling frequency for eye position acquisition: 120 Hz), and controller PC (Dell).
The evaluation experiment was conducted by comparing topographies of two systems, i.e., the proposed system and the humphrey perimetry system (HFA system). A total of eight patients with glaucoma participated in the study. Their ages ranged from 53 to 71 and the severity of the symptom was diagnosed as an initial stage (three patients) and a medium stage (five patients). Figure 2 shows a comparison of two typical topographies obtained by two systems. As a result of comparison, the proposed system succeeded to detect specific trends typically diagnosed as areas with tunnel vision in most cases. On the other hand, the proposed system failed to detect Mariotte blind spots at the correct location for five out of eight patients. This would be due to two reasons; difficulty in detecting fixation points by the ptosis of the eyelid and the system errors due to inaccurate detection of fixation points. Result of questionnaire revealed that the subjects perceived shorter examination time as well as less stressful by using the proposed system. Although the examination time by the proposed system was approximately 10-15 minutes, as same as that by HFA system, the subjects still felt less fatigue for the proposed system than the HFA system since the subject's head was not immobilized. By preparing a certain number of targets with different contrasts in brightness, it would be possible that the proposed system can collect the follow-up data for evaluating the progress and the effect of the treatment for glaucoma patients. For the elderly to maintain their health, it is necessary that they perform walking exercises to train their leg muscles. The people who support this walking exercise in medical institutions are called PTs. However, currently the number of PTs is decreasing. Put another way, this means that each year the number of opportunities available for the elderly to perform walking exercises is decreasing. As a result, it has become a concern that elderly individuals who would normally be doing walking exercises will instead be confided to bed, resulting in deterioration of their leg and lower back muscles. At present, various walking exercise support devices are being developed in efforts to solve this problem.
Some of the systems in practical use include one in which the user's body is stabilized with a sling from which a rope is stretched and attached to a robotic arm, rails or an iron sheet installed on the ceiling. Support is then provided by magnetism, and another which involves stabilizing the user's body by lifting it with an electric winch. However, construction work is required to mount the various equipment inside the training facilities, the users can feel restricted because their body is stabilized with a sling, and the available range for training is limited. In light of this, robots that are capable of movement in any direction are also being developed and are expected to be extremely useful tools for elderly users who do not have enough strength to push a walking aid. However, such systems are not effective for users who have some ability to walk independently. Moreover, these systems exert considerable strain on the back because the user must bend over to hold the bar or joystick. Therefore, it is apparent that elderly people who can currently walk on their own to some extent need a robot that does not require physical contact or provide support, and which will ultimately prevent them from being confined to their bed. This paper presents a robotic training system that can exercise the user without bodily restraint, neither markers nor sensors are attached to the trainee. We developed the robot system that has a total of four mounted components: a laser sensor, a camera, a cushion, and an electric motor (Fig.1) . This paper have showed the method used for determining whether the trainee was bending forward or backward while walking, and the extent of the tilt, using the recorded image of the back of the trainee's head. A characteristic of our software algorithms has been that the image was divided into 9 quadrants, and each quadrant undergoes Hough transformation (Fig.2) . We have verified experimentally that by using our algorithms for the four patterns of forward, backward, diagonally, and crouching, the tilt of the trainee's body have been accurately determined. We created a flowchart for determining the direction of movement according to experimental results. By adjusting the values used to make the distinction according to the position and the angle of the camera, and the width of the back of the trainee's head, we were able to accurately determine the walking condition of the trainee, and achieve early detection of the start of a fall. Demand for miniature AT-cut quartz resonators has been increasing. When requirements call for a small resonator, the thickness-to-length ratio of the resonator will decrease because the resonance frequency of the fundamental thickness-shear (TS-1) mode is decided based on its thickness. In fabrication process of quartz resonator packages and oscillators, the X edge of the resonators is used to be mounted in packages using conducting glue. If the thickness-to-length ratio is decreases, the displacement u 1 in the outer region does not decay enough to ignore the influence of the X-edge conditions. Since the acoustic energy loss at X-edge decreases the resonator performance, such as the Q value, crystal impedance and frequency reliability, it is necessary to reduce the influence of resonator mounting.
In this paper, we calculated an improved bi-mesa structure and estimated the frequency differences between clamp and free X edge conditions as an index of mounting influences to improve characteristics of small quartz resonators. Figure 1 shows calculation models of a standard bi-mesa and an improved bi-mesa resonator with two mesa steps having the same X length in this calculation. The inner mesa-step gets the strong energy-trapping effect to reduce the coupling-strength between the TS-1 and TF modes, and the outer mesa-step separates the vibrations of the center region from the X-edge. For practical use, the substrate of quartz wafers is assumed to be located at the edge of the resonator to be mounted. In the calculation, a two-dimensional finite element method was used in the X-Y' plane.
The calculated TS-1 displacement of the improved bi-mesa resonator showed that the u 1 displacements of both free and clamp X-edge boundary conditions were almost the same except for the displacement near the X-edge. In the center and inner mesa-step regions, the displacements were also the same as those of standard bi-mesa. These results show that the outer mesa-step region acted as a buffer region between the inner mesa-step and the X-edge and that they could separate the vibration area from the edge. To evaluate the mounting influence, the resonant frequency difference value between the clamp and free conditions were calculated. The results are plotted in Fig. 2 as a function of the thickness of the outer region (f/ b). Because the total X-length a / b of the improved bi-mesa was 25, and the inner mesa length (a + h) / b was 20, two kinds of standard bi-mesa resonators were compared. In the graph, the frequency difference curve was below those of the bi-mesa values. Even if the structural strength of quartz crystal is taken into account, choosing the f/ b could reduce the frequency difference to less than 1 /10. These results indicate that the improved bi-mesa structure reduces the mounting influences and is suitable for mounting. 
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In this study, a stochastic detection method based on the changing information of not only a linear correlation but also the higher order nonlinear correlation is proposed in a form suitable for on-line signal processing in time domain by using a personal computer, especially in order to find minutely the mutual relationship between sound and vibration emitted from rotational machines. More specifically, based on the observation data of sound and vibration emitted from machines, an expansion series expression of the conditional probability distribution to evaluate the correlation relationship between the sound and vibration signals is theoretically derived. Next, by use of the expansion expression of the conditional probability distribution, a prediction method of the probability for a failure of machines is theoretically derived on the basis of the observation data in a sequential time series form of sound and vibration. The fundamental principle of the proposed method is based on the detection of the changing information on various kinds of correlation characteristics between sound and vibration as much as possible.
Since there is certain correlation relationship between sound and vibration emitted from an identical machine according to the driving condition of the machine, the diagnoses of the machine are possible by detecting the changing information of the correlation characteristics. Let us introduce a random variable y with exclusive values of 0 and 1, 2, …, N corresponding to normal situation without fault of machines and failure situations with the N kinds of fault. In order to derive a mathematical expression in a general form, two kinds of variables (i.e. sound and vibration) are expressed as s x and v x . First, the joint probability distribution ( , , ) s v P x x y is expanded into an orthonormal polynomial series on the basis of the fundamental probability distributions 0 ( ) Based on the conditional probability distribution ( | , ) s v P y x x , the probability ( ) P y expressing the occurrence or nonoccurrence of a fault can be predicted on the basis of the observation data on sound s x and vibration v x , as follows: (1)
0 0 The proposed method is applied to detect the fault of a rotational machine by observing simultaneously the sound and vibration waves emitted from the machine. The predicted results of the probabilities of 1 y = corresponding to the failure situation with the fault are shown in Fig. 1 . It is obvious that the fault probabilities considering higher order correlation between sound and vibration show clearly large values in the failure situation (after 100.1 s in Fig. 1 ), because the correlation characteristics between sound and vibration are changed after the occurrence of the failure. Human beings can perceive a continuous curve when image Fig.  1 is presented to people. Fig. 1 is a binary image including a discontinuous curve and noises. To detect perceptual continuous curves, global approach that integrates the local layout of points is required. Hough transform is one of the methods. However it needs the shape model for detection. Therefore its method is unable to detect curves that have indefinite shape.
In this paper, we propose a method to detect perceptual continuous curves in a binary image including discontinuous curves and noises based on perceptual grouping factors. Perceptual grouping factors are several rules of unity of visual sense. Among these rules, proximity factor and continuous factor is important to detect continuous curves. Fig. 2 shows that mutually near objects construct a group. Fig. 3 shows that curves AE and EB smoothly connected construct a curve AB.
Firstly, proposed method makes a Delaunay diagram from a binary image to reduce the search space. Delaunay diagram is obtainable by connecting generators that are adjacent Voronoi regions in Voronoi diagram. Voronoi diagram naturally defines the closeness of points given at random. Therefore it is expected that Delaunay diagram show candidates of points that meet the proximity factor.
Secondly, the method selects a Delaunay edge as the starting line and connects N G points along the Delaunay diagram. Then, the points have maximum evaluation value based on perceptual grouping factor. They construct an appropriate partial curve. And then evaluation value is added to Delaunay edges that are selected by appropriate partial curve. This process is repeated until all Delaunay edges are selected as a start line.
Finally, Delaunay edges that have high evaluation value are extracted. Template matching that detects the displacement and the angle to match between the input image and the template image is the basic technique for the general image processing, such as the OCR (optical character recognition) and the inspection of the defective product. As the orthodox method of the template matching, the rotational matching is well known. This method calculates the correlation of the two image with changing the displacement and the angle of the template image, and detects the peak of the correlation as the detected position.
However, in order to detect more accurately using the rotational matching, it is necessary to set the small pitch of the rotational search. It causes the more time consuming. On the other hand, if using the large pitch of the rotational search, it causes the low accuracy of the detection. On order to solve the problem of the both of the accuracy and the calculation cost, the sub-pixel correlation is estimated using the quadric interpolation. However, this estimation causes the systematic errors by the interpolation.
In this paper, we paid attention that the correlation by rotational matching can be calculated by matching the new template images generated by decomposing the original template image using the eigen decomposition technique. By using the eigen decomposed images (called "Eigen templates"), more accurate detection is achieved with the same computation time as the previous method. Figure 1 shows the flowchart of the proposed method. Figure  1(a) is the original template image. Figure 1(b) shows the four eigen templates and the orthogonal basis calculated by the eigen decomposition. Figure 1(c) is the target image to detect. In the previous method, the original template image is matched to the target image directly. On the other hand, the proposed method matches the eigen templates to the target image. In the proposed method, the correlation of the tow images is calculated from the correlations between the target image and eigen templates. Furthermore, in order to deal with the intensity variations, DC component (0-th component) of the eigen templates is removed for matching. Figure 2 shows the experimental result. The x-axis is the angle of the target image, and the y-axis is the rotational error. The solid line is the result of the proposed method, and the dotted line is the result of the previous rotational method. As shown in the result, the proposed method is more accuracy than the previous method.
For future work, we plan to modify the eigen templates to deal with not only rotation but the affine transformation and the perspective transformation. Furthermore, we plan to accelerate the processing time by parallelization of FFT operation for eigen templates. A highly sensitive inspection algorithm is proposed that extracts defects in multidimensional vector spaces from multiple images. The proposed algorithm projects subtraction vectors calculated from test and reference images to control the noise by reducing the dimensionality of vector spaces. The linear projection vectors are optimized using a physical defect model and the noise distribution. Because the noise distribution varies with the intensity or texture of the pixels, the target image is divided into small regions and the noise distribution of the subtraction images are calculated for each divided region. The bidirectional local perturbation pattern matching (BD-LPPM), which is an enhanced version of conventional LPPM, is proposed to increase the sensitivity when calculating the subtraction vectors, especially when the reference image contains more high-frequency components than the test image. The probability distribution function of the noise is analytically estimated. The proposed algorithm is evaluated using defect samples for three different scanning electron microscopy images. The results reveal that the proposed algorithm increases the signal-to-noise ratio by a factor of 1.32 relative to that obtained using the conventional Mahalanobis distance algorithm. And also, we confirms that the noise noise distribution of subtraction image calculated by LPPM and BD-LPPM can be estimated from the noise distribution of noise in the original SEM images.
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The particle swarm optimization (PSO) was proposed as an efficient optimization algorithm in solving nonlinear, nondifferentiable, and/or multi-modal problems. Although the PSO was proposed for finding solutions to static optimization problems, it has been improved to apply to dynamic actual systems by many researches in recent years.
Several adaptive PSO algorithms that can adapt to the environmental change (i.e. the change of the search space) caused by the time variation of the properties of the target system have been proposed. In order to track the optimal solution in dynamic systems, the PSO must have ability to adapt to the environment changes automatically. Furthermore, the computational cost is one of the most important factor in actual online systems. Namely, the solution of adaptive PSO embedded in an online system has to adapt to the environmental change and the calculation of each step of the PSO has to be finished in the sampling time of actual online systems. However, the adaptive PSO algorithm that assumes embedding in the online system and suppresses an increase in the computational cost has been not proposed. Thus, in this study, novel two PSO algorithms called OPSO (Online PSO) and εPSO with an adaptive searching ability and less computational cost are proposed.
The OPSO algorithm is constructed by using representation of the time variation of the cost function. Moreover the adaptation performance is achieved by introducing the procedure that the evaluation values of pbest do not monotonically decrease. The adaptation performance of the εPSO algorithm is achieved by introducing the procedure for forgetting the evaluation values of pbest as time passed. These two algorithms were designed to embed into online systems and to identify the system parameters by simple procedure.
Then, the efficiency of the proposed PSO algorithms are demonstrated by a numerical simulation and an online identification of an actual dynamic system. In the numerical simulation, several adaptive PSO algorithms were applied to the time-varying target function, and the time evolution of the evaluation value of the gbest obtained as a results is shown in Fig. 1 . Moreovre, the comparison of average CPU time for calculation of each adaptive PSO algorithm in each step are shown in Fig. 2 . Furthermore, the results of the online identification of a servo motor velocity control system are shown in this paper. From these results, it has been shown that the proposal algorithms are able to achieve the optimal performance more than the conventional adaptive algorithms with lower calculation cost. 
